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Introduction:  Osteoid  osteoma  is a benign  osteogenic  tumor  that  is  mainly  located  in the lower  limbs.
According  to  Campanacci  the  proximal  femur  is  involved  in 25%  of  cases.  We  present  a series  of  44 cases
of osteoid  osteoma  located  in the neck  of  the femur  or the lesser  trochanter  treated  by  the  minimally
invasive  method,  CT-guided  percutaneous  bone  resection  and  drilling  (PBRD).
Materials and methods:  This  series  included  44  patients,  20 girls  and  24  boys,  treated  between  1987
and  2012.  The  average  age  at surgery  was  12.7 years  old  (range  4–34).  The  diagnosis  was  based  on  the
“association”  of scintigraphy  (hyperﬁxation)  – CT  scan  (nidus  located  on  the femoral  neck  or  near  the
lesser  trochanter).  These  patients  underwent  CT-guided  PBRD  under  general  anesthesia.  Speciﬁc  ancillary
material  was  used  to reach  and  remove  the  nidus  and  a cylinder  of  bone  was  sent to the  pathologist
for assessment.  A  lateral  or anterior  approach  was  used  in  all cases  except  one in which  a  posterior
incision  was made.  Histological  conﬁrmation  was  obtained  in  23 cases  (the  bone  fragment  was  damaged
in  21 cases).
Results:  Forty-two  patients  were  reviewed  after  a minimum  follow-up  of  one  year (12–56  months).  Two
patients  were  lost  to follow-up.  Results  were  evaluated  clinically  and  on  CT scan  1  year  after  surgery:  there
were  35  cures  with  complete  and permanent  pain  relief.  There  were  5  failures  and  1  case  of  recurrence
requiring  a second  CT-guided  PBRD  procedure  as well  2  complications  involving  femoral  fracture  (one
associated  with  failure).
Discussion:  The  proximal  femur  is  a common  location  of osteoid  osteoma.  Treatment  requires  careful
preoperative  planning  to  determine  the  surgical  approach  for safe  removal.  PBRD  is a minimally  inva-
sive  technique,  allowing  complete  resection  with  suitable  ancillary  equipment.  This  method  should  be
compared  with  thermoablation,  which  is a similar  technique.
Conclusion:  CT-guided  PBRD  is  a therapeutic  option  in  case  of  osteoid  osteoma  of the  proximal  femur.
Level  of evidence:  Level  IV.. Introduction
Osteoid osteomas (OO) represent 10% of benign bone tumors,
nd are usually located in the femur [1]. The presenting symptom
s nocturnal pain, which is usually relieved by anti-inﬂammatory
rugs. This tumor which has distinct features and progression
attern, mainly occurs in adolescents and young adults [2].
reatment is essentially surgical and in the last twenty years,
ercutaneous treatment (resection or thermoablation) performed
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by experienced surgeons has replaced “en bloc” open resection as
reported by Shin et al. [3].
We report a series of 44 cases of OO of the proximal femur
(involvement of the femoral neck or the lesser trochanter) treated
by CT-guided percutaneous bone resection and drilling (PBRD) a
mini-invasive technique ﬁrst described in 1987 [4]. Involvement
of the proximal femur in OO seems to be associated with a risk of
more frequent complications when treated by PBRD. The goal of this
study was to evaluate the technical difﬁculties and possible com-
plications encountered during management of this entity by PBRD.2. Materials and methods
Between June 1987 and September 2012, we treated a series
of 44 cases of OO of the proximal femur, or 40% of all of our 109
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Sig. 1. a: location of 44 osteoid osteomas of the proximal femur–AP view; b: location
f  44 osteoid osteomas of the proximal femur–view from above.
BRD. The diagnosis was determined by scintigraphy and CT scan,
s recommended in the literature [5]. The nidus was located in the
emoral neck in (26 cases) or the lesser trochanter (18 cases). A
rontal view (Fig. 1a), showed the nidus in the base of the neck (16
ases), in the superior rim (4 cases), and near the growth cartilage
f the femoral head (6 cases). An axial view (Fig. 1b), showed the
idus in a posterior position in 14 cases and anterior in 12 cases.
In one case, resection by open surgery was attempted and failed
efore performing PBRD. One case required a second PBRD, after
he failure of a ﬁrst attempt in another center.
This procedure was always performed under general anesthe-
ia in the CT suite. Perioperative CT-guidance provided precise 3D
dentiﬁcation of the nidus and allowed CT-guided resection. Col-
aboration between the radiologist and the surgeon was therefore
ssential. Surgery lasted a mean 1h10 minutes (45–95 min) (iden-
iﬁcation and excision of the tumor). The mean dose of radiation
uring surgery was 270 mGy·cm (190–360 mGy·cm)  for the patient
nd 0.02 Sv for the surgeon.
The steps of this procedure have been clearly standardized [6]:
he patient was installed in the supine position with a pillow under
he buttocks for a lateral or anterior approach to the tumor. The
rone position was only used for a posterior approach in one case.
he nidus was identiﬁed to determine the best CT-slice for the
nstruments: a 2 cm incision was made and a guide wire was aimed
t the nidus. The guide wire was inserted by the lateral approach
hrough the vastus lateralis muscle (Fig. 2a), or by anterior approach
aterally in relation to the femoral vascular-nerve bundle between
he fascia lata tensor and sartorius muscles, through the iliopsoas
uscle (Fig. 2b). The wire was used to guide the speciﬁc ancillary
nstruments necessary for the procedure: a drill bit and a 9 mm
rephine.
The various instruments were carefully guided towards the
steoid osteoma under control on the selected CT slice. The nidus
as removed in a 1-cm diameter bone cylinder (Fig. 3), and sentor histological evaluation. A ﬁnal burring of the area of the nidus
ompleted the resection.
Hospitalization lasted a mean 2 days, with partial weight-
earing on crutches for the ﬁrst few days. The patient could return
able 1
ummary of complications observed in our series (fractures and recurrence).
Gender Age at surgery Location of OO Surgical approach Histology 
F 13 Lesser Trochanter Anterior No 
M  20 PT Lateral No 
F  10 Neck Anterior Nidus conﬁ
M  11 Neck Lateral No 
M  9 Neck Anterior No 
F  7 Neck Lateral No 
F  20 Neck Lateral No Fig. 2. a: lateral approach through the vastus lateralis muscle; b: anterior approach
between fascia lata tensor and sartorius muscles, through the iliopsoas muscle.
to sports after 1 month. A postoperative follow-up CT scan was
performed in all patients approximately 1 year after surgery.
3. Results
Two patients were lost to follow-up. Forty-two patients were
seen at the follow-up visit after at least one year (12–56 months),
which is the minimum delay necessary to evaluate the results
and exclude recurrence [1]. Histological conﬁrmation of OO was
obtained in 23 cases.
Complication 2nd PBRD Outcome ﬁnal follow-up
Targeting error 13 months Simple at 1 year
Fracture Simple at 1 year
rmed Targeting error 9 months Simple at 1 year
Targeting error 7 months Simple at 1 year
“true” recurrence 19 months Simple at 3 months
Targeting error 19 months Simple at 1 months
Targeting error + fracture 2 months Simple at 1 year
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Fig. 3. Osteoid osteoma excision procedure by PBRD.
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There were no vascular or nerve complications.
Clinical improvement was obtained in 35/42 patients with com-
lete pain relief. The postoperative clinical follow-up assessment
id not show any limitation in hip range of motion. Table 1 shows
he complications reported in our series.A femoral fracture occurred in 2 cases (one 4 months after PBRD,
he other 2 weeks after the second PBRC), requiring internal ﬁxa-
ion. One of the fractures developed in one of the 5 unsuccessful
ases.urgery & Research 100 (2014) 641–645 643
Five failures and one case of recurrence were reported. A failure
(due to a technical error) must be distinguished from recurrence,
which involved recurrence of the nidus following excision. These
6 cases required a second PBRD procedure to completely cure the
symptoms.
4. Discussion
In our series, 35 of our 42 cases healed without complications
(or good results in 83%). Therefore, our results were not as good
as other PBRD series reported in the literature (good results in 94%
in the study by Engel et al. [7], 92.6% for Reverte-Vinaixa et al. [8],
88% for Fenichel et al. [9] and 94.5% for Sierre et al. [10]). Osteoid
osteoma of the proximal femur is a speciﬁc location, associated
with a risk of complications such as targeting errors and fracture.
It should be noted that in our overall series of 109 PBRD, success
without complications was  obtained in 90% of the cases.
Osteoid osteomas are frequently located in the proximal femur:
in 25.4% of the cases according to Campanacci [5] and in 40% in
our series. The frequency of this entity conﬁrms the need for this
study. Many of the studies of percutaneous treatment, either by
drilling [7–10] or thermoablation [11–19], have not differentiated
between the femoral neck and other locations in the reported cases.
The advantage of our series is that it speciﬁcally focuses upon this
location.
Histological results were negative in 1 out of 2 cases following
PBRD because of mechanical and thermal damage to the cylinder
of bone. This unsuccessful conﬁrmation deprives the surgeon of
important information, in particular in relation to the risk of recur-
rence. However, complete excision was conﬁrmed by analysis of
perioperative CT scan images [20]. Engel et al. [7] emphasize this,
also stating that imaging assessment is impossible with thermoab-
lation, because this approach creates extensive lesions. We  use CT
scan for follow-up because it is an effective technique to conﬁrm
the absence of a residual nidus, while limiting the number of images
as much as possible.
Analysis of the causes of our failures and complications is impor-
tant, in particular to determine the possible inﬂuence of the surgical
approach.
First, it should be noted that we  occasionally had problems locat-
ing the nidus as in case no 7 in Table 1: the “real” nidus appeared
after a ﬁrst PBRD based on a ﬁrst CT scan, which may  have been
performed too early.
It should be noted that 3/5 cases performed by lateral approach
were unsuccessful (compared to 2/20 cases by anterior approach).
This series was too small to reach a conclusion, but we  feel that
an anterior approach may  be better for this indication because it is
more direct and there is less risk of a targeting error. On the other
hand, the nidus is deeper and more difﬁcult to identify when the
procedure is performed by lateral approach.
Besides the 5 failures and 1 case of recurrence, the most severe
complication was  postoperative fracture. In the case presented
in Fig. 4, the fracture occurred with no associated mechanism of
trauma in the days following the second PBRD, which suggests that
a period of strict non weight-bearing should be recommended after
a second PBRD of the proximal femur, and partial weight-bearing
for 1 month for the others. It is difﬁcult to correlate the occurrence
of fractures with the location of the nidus because one was located
on the lesser trochanter resulting in a subtrochanteric fracture, and
the other was  located on the femoral neck, resulting in a fracture
of the base of the femoral neck. In the same way, the role of the
surgical approach is difﬁcult to determine, because of the limited
number of cases.
There are other alternative percutaneous methods. Results of
radiofrequency thermoablation have been good (97% for Neumann
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ecurrent pain; g, h: new PBRD by anterior approach.
t al. [14] and 92% for Hoffman et al. [13]). Rosenthal et al. [11]
eported recurrence in 7/74 femoral osteoid osteomas, while Hoff-
an  et al. did not report any. Results have also been shown to be
ood with laser ablation (Gangi et al. [17] and Roqueplan et al. [18],
9 and 96% of good results respectively), in particular in relation to
he risk of postoperative fracture, which seems to be nearly inex-
stent, even with full weight-bearing after surgery. Nevertheless,
hese authors reported numerous minor potential complications,
hat are not found with the PBRD procedure: nerve injury and
endinitis (Roqueplan et al. [18]), skin burns and broken material
Étienne et al. [19]).CT-guided excision is also possible: Wang et al. [21] reported
uccessful results in 100% of cases in a series of 26 patients with
steoid osteomas in various locations. Although we  do not have
xperience with this technique, one of its major disadvantagesiew visualizing the OO; c, d: PBRD by lateral approach; e, f: appearance of OO after
seems to be the lack of perioperative CT control, conﬁrming com-
plete tumor excision. Rajasekaran et al. [22] support this technique,
in particular for the proximal femur, stating that 3D reconstructions
provide conﬁrmation of complete excision.
5. Conclusion
In conclusion, PBRD is a therapeutic option in the management
of osteoid osteomas of the proximal femur, requiring speciﬁc exper-
tise. The immediate postoperative outcome was uneventful in our
42 cases, however, there were 5 failures and 1 case of recurrence.
For this speciﬁc location, complications are therefore more frequent
than osteoid osteomas in different locations treated by PBRD or
thermoablation.
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